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林和 39 龄林在各个季节均为双峰曲线，即存在光合“午休”现象。胞间 CO2
浓度和光合有效辐射是影响不同年龄木麻黄小枝净光合速率 稳定的生理和生
态因子。三个林龄小枝的 大净光合速率均出现在夏季，说明夏季是木麻黄生




照强度，22 龄林与光照强度、空气 CO2 浓度、气温和相对湿度等密切相关，对
39 龄林影响较大的主要环境因子则依次为空气相对湿度、光照强度和气温。 





折波动的复杂曲线，22 龄林与 39 龄林为双峰曲线。各种生理生态影响因子中
胞间 CO2 浓度是较稳定的内在影响因素。光合有效辐射是 6 龄林 主要的环境




















         
This study was about diurnal and seasonal photosynthesis, transpiration and 
water use efficiency of Casuarina equisetifolia plantations of different ages in Chihu 
Forestry, Chongwu, Fujian. The effects to the growth of C．equisetifolia plantations 
from different sorts of physiology and ecology factors were probed into from the 
aspects of the carbon assimilation, water consumption and relationship between each 
other. The main results were as follows: 
1. Except in summer the diurnal variation of net photosynthesis rate（Pn）of 
C．equisetifolia's mature branchlet of 6-year-old plantation was single-peaked curve, 
while 22-year-old and 39-year-old plantations expressed the obvious lunch break 
phenomenon during the different seasons. Intercellular CO2 concentration（Ci）and 
photosynthetic available radiation（PAR）were the stablest physiology and ecology 
factors affecting the photosynthetic rate of C．equisetifolia's branchlet of different 
ages. The highest Pn of the three plantations all happened in summer, which proved 
summer was the best season for growth. And 39-year-old plantation displayed the 
highest Pn, which illustrated it had the highest photosynthetic capacity. 
2. The curves of Tr and Pn daily variation about C．equisetifolia's branchlet of 
different ages implied the parallel relationship. Among the eco-physiological factors 
which affected Tr daily process, 6-year-old plantation was in a close relationship 
with light intensity; 22-year-old plantation was related to light intensity, atmospheric 
CO2 concentration, temperature and air relative humidity, etc; The main factors to 
39-year-old plantation were in proper order of air relative humidity, light intensity 
and temperature. 
3. Tr daily courses about 6-year-old and 22-year-old plantation of 
C．equisetifolia's branchlet had no obvious lunch break phenomenon in each season. 
On the contrary, 39-year-old plantation had. The Tr of three plantations all came to 
the highest value in summer, and were lower in winter and spring, which may be in 
















4. The daily variation curves of water use efficiency （ WUE ） about 
C．equisetifolia's branchlet of different ages were various. 6-year-old plantation was 
unstably complicated curve. 22-year-old and 39-year-old plantations were double 
high value curves which were lower at noon. Among the different eco-physiological 
factors, Ci was a much more stable inner element. PAR was the most important 
environment factor to 6-year-old plantation, but the changing environment had little 
effect on the daily processes of WUE about 22-year-old and 39-year-old plantations. 
5. The three plantations' WUE all came to the peak in winter, and in summer 
and autumn they became the lowest, which was because C. equisetifolia adapted to 
the changing environment for keeping the balance between growth and water 
consuming. 
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维持大气中的 O2 和 CO2 含量的相对稳定。地球上有无数生物，它们通过呼吸作
用吸收 O2 和释放 CO2，同时各种燃料的燃烧也大量地消耗 O2 和排出 CO2，而
大气中的氧却并未因此而消耗殆尽，这是因为广泛分布在地球上的绿色植物可





元素约 2 × 1011 t ，相当于贮存 3 × 1021 J 的能量，并且每年释放出约 5.35 × 
1011 t O2（潘瑞炽，2004）。光合作用在为人类及其它异养生物提供物质保障的
同时，对固定大气中的 CO2、缓解全球温室效应、净化空气、调节和维持大气






















（1837）和 Mayer（1842）证明了 CO2 、光、水、叶绿素及太阳能是植物光合
作用所必需的要素。1845 年，Mayer 首次明确提出，光合作用是太阳能被地球
上的植物以化学能的形式固定下来，并供给各种用途的过程。19 世纪至 20 世
纪初的研究使人们对光合作用的生理特性和限制因子有所了解。20 世纪中叶以
后，随着物理、化学的研究进展及其向生物科学的渗透，光合作用机理研究领




1905 年 Blackman 等提出“限制因子定律”，即光合作用受包括环境因子和
自身因子等多种因子的综合影响，并且其受限制的程度取决于供应量 少的那
个因子。随后，许多学者对环境因子包括光补偿点和光饱和点（Bates，Roeser，




种因素作用对植物光合作用的综合影响。20 世纪 60 年代后，更加精确的光合
































（干重、面积或叶绿素）固定的 CO2 或释放的 O2 或积累的干物质的数量（一般



























































空气中的 CO2 是陆生植物的主要碳源。CO2 主要是通过气孔进入叶片，在
细胞间隙间以气体状态扩散，但当其通过细胞壁进入叶绿体时必须溶解在水中，
因此扩散速度大大降低。空气中 CO2 的含量对植物光合作用的影响很大。 
CO2 是光合作用的原料。空气中的 CO2 浓度约为 0.036% 。当光合吸收的















（CO2 compensation point）。C3 植物的 CO2 补偿点一般高于 C4 植物。在一定
的光照条件下，光合速率随着 CO2 浓度的升高而升高，直到某一浓度时，光合
速率就达到 大值。达到 大光合速率时的 CO2 浓度就叫做 CO2 饱和点（CO2 
compensation point）（Farquhar，1982）。短期增加 CO2 含量会促进叶片的 Rubisco
（ribulose-1,5-bisphosphateearboxylase / oxygenase）的羧化能力（Sholtis，2004），




过 6 个生长季的 500 μmol mol-1 CO2 处理的红松幼树的 大净光合速率明显增
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